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I-P’pp, l-yh^-y, 2 -Ppp, 1,6-5?^ pp, 2.7-i?^p 
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JSSfi-c-J: <-SLPio &&&.P<DttM 1 logp £fe#;Ig©& 
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l/rcKjxio* 

Fig 1 The relationship between logp and 1/7" for the 
substituted phenazines 

1 : 1, 6-Diroethoxyphenazine, 2 : 1, 6-Diaminophenazine, 

3 : 1, 6-Dinitrophenazine, 4 : 2-Methoxyphenazine 


Table 1 Activation energies and resistivities of phena- 
zines 


Phenazme 

Jc 

(eV) 

P 

(Q-cro) 

Temp. 

(’C) 

l-OCH, 31 

— 

>10“ 

no 

2-OCHj 

2.2 

10“ 

20 

1, 6-OCH, 4 ' 

2.2 

10“ 

20 

2, 7~0CH,°> 

— 

^10“ 

100 

1-C1 

— 

>10“ 

60 

2-C1 

— 

>10“ 

60 

1,6-Cl 

— 

>10“ 

50 

2,7-Cl 

— 

>10“ 

60 

1,6-NO, 41 

2.0 

10“ 

20 

1, 6-NH,°> 

2.3 

10“ 

20 

1, 6-C(CH,), 

— 

>10“ 

70 

2, 7-C(CHj), 

— 

>10“ 

80 

H") 

2.1 

10“~10“ 

100 

a ) Sandwich-type cell was 

used. 


b ) S .Aftergut, 

G. P. Brown 

, “Organic Semiconductors'. 

ed by J. J 

Brophy, J. 

W. Buttrey, 

Maruzen (1962) 
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P (g£ $rg 1 IcSs L/i 0 ^ 1 J: 5 li.. S 

fe7x+5?v®o je igfwitsuaseart-c-n^^V'/i-fta:^ 

"3 Pi O 

i 5 i-. #-< hzKoSHz 

<fc*£ Je <H>*£<fc*«aiSjK:2>S 

4‘. 7 ^+5? vfliOl'T 

i&<0 F ^fe-S^Lfcs V'-fh-O^Hiroi'-ctSflZ^ 

<D^ii*E<. ISloj^^t Lfc 0 -rh'-?z., 

SitZ *6-5 ft * ft S 1 6 - £ i- H«- -ca«fc> (3 C g SS S ©SO g*® 
(£) £ Je i^rftgcLfio ig2^3E 
:t55g<oa&S±K&Ar^-fo ,T 


Table 2 Absorption maxima of films of phenazines 


Phenazine 

(uni) 

Difference 0) 

(nm) 

1-OCH, 

440* 

420 373 

35 

2-OCH, 

429 

404 

14 

1,6-OCH, 

468* 

438 369 

28 

2,7-OCH, 

440* 

415-420 

15 

1,6-Cl 

433 

408 369 

23 

2,7-Cl 

405* 

385 

10 

1, 6-C(CH s ), 

367 

351 

— 

2, 7-C(CH,) s 

396* 

378 

6 

1,6-NO, 

409* 

388 

19 

1,6-NH, 

505 

377 358 

0 

* Shoulder. 
a ) The difference 

of the 

Am»r between 

the film and tbt 


benzene solution. 
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Table 3 
Phenazine 

Visible absorpl 

ion and fluorescence data of 
(nm) (log 0 

phenazines in 

benzene 

Fluorescence 01 

1-OCH, 

346 (3.08) 

362 (4.03) 

405* (3. 56) 


-L 

2-OCH, 

356 (4.08) 

388 (4.02) 

405* (3. 90) 


- 

1,6-OCH, 

348 (3.55) 

365 (3.71) 

422 (3.63) 

440* (3. 57; 

_ e 

2, 7-OCH, 

347 (3.92) 

403 (4.01) 

425 (4.05) 


- 

1-C1 

350* (3. 96) 

365 (4.13) 

400* (3. 54) 


— 

2-0 

367 (4.18) 

371 (4.19) 

390* (3. 73) 


- 

1.6-CI 

352* (3. 87) 

367 (4.12) 

388* (3. 79) 

410* (3. 64) 

j.°) 

2,7-CI 

364 (4.10) 

378 (4.12) 

395* (3. 90) 


- 

1,6-C(CH,), 

346 (3.95) 

363 (4.21) 

390* (3. 55) 


— 

2,7-C(CH,), 

365 (4 20) 

390* (3. 82) 



- 

1,6-NO, 

369 (4 15) 

390* (3 80) 



- 

1,6-NH, 

358 (3 21) 

376 (3.17) 

505 (3 58) 


— 

H 

350* (4 02) 

367 (4.17) 



- 


* Shoulder 


a) + : Detected, — : Undetected 

b) N. Mataga, K Ezumi, Bull Chem Soc. Jap , 40, 1350(19671- 


E (410 - 505 nm, 3 03-2 46 eV) 

i lifrd'bb'i 1 , dt g.tot (0. 3eV) 0 

Oflw. ISifi.tt©*!?'*©*:*). £s>ifr©^£&OX*|[3#Ti- 

iOittSiiX /.to 4fc, JPSKf^-co^KiaSttffiiw 

Ol*X©$3.Ifc{#4/:ft, F/bitteOii©© 

KffOg&a*-;? h AfcJtt* Lfco S3l_'<v-fc-vjg&+© 

!»«. ^ ^xf/gso x mtr cdm**?c mm 

o / mtI iifis SftWcJ/7 h LTtfcD, 
irgtc/s *«.* ©l£i 

J. 

3.2 3t«ilM£ 

IS. SSgSS&T 1900 ^ 7.0B£i3fc.^£T X-Oftlimd 
(IE:200V/cm) *jE5g L, 3t 4 IL*©iI*r/T Lfco 3§S*4© 
**«<■ («p) ift&g (/) £©H<:. (2) £<D{g&d^bn, 
"Of [fi:i o 5—1.0 t«o-o 

•f “i' 1 ( 2 ) 

5>1-. S®7 a tri?VjS©"JEi£JR;*.'<* h/t-o 

a**ii«.iP!Ufr©-?. —So3EaS«-*f.’t2>36^ir.fio^J' 

5- :i^n ; g 4 zMfeol? © r 

CiWo.'j'C; 

a) 1900 ;P**©)l|:§gSL:tett*3fcli;g©* ? $ It. ISC 
WWSi<i, l,6->2->l- = 2,7-S^fPO®,_-J'= ; < fr 0. 1, 
6-— Eft£:ite©(2EEftfc©Ec< b^<X ft 10— 10 2 fg/ct - 
W Li» L. l,6--S^ttO£-maf.(lltE^£d-.^fttilfiO 
°CH, tm+a?iftO NO, itMiS-fcb/xi'c 

b) E&ga: OH J? NH- c«&i:ii, l,6-HE&ftXi)£^ 

c ) 2-feii OH i:^5iiSi'*l0E*-^?ri.5e 
ZbIZ. 14 KiSLfcteEUfl-i:: 

d ) l- * P P 7 ^-t-iPvcDjr iaii3tS$i>J®Sn LX tBE.W 

Kif to-e-f &§?Ki-S >/tc 

o sso^a^Tx-jtmrE^sis-rst. e»s© «&•■?>& 
fiK»€F.fc < , -f^XO^filiov >X3tmxliSS£aSTOfi 
*■ 'Jft'MtZi&fi'tcTfito 


Table 4 Photocurrents and n values of the substituted 
phenazines 


Pnenazine 

Photocurren; 
(pico A ,= 

n 

1-OCH, 

— 

— 

2-OCH, 

0.05^ 

— 

1,6-OCH, 

2 

0.8-0.! 

2, 7-OCH, 

— 

— 

1-0 

0 3 r 

— 

2-C1 

— 

— 

1,6-Cl 

9 

0.8 

2 7 -Cl 

— 

— 

1-NH, 

— 

— 

1.6-NH, 

— 

— 

1-OH 

— 

— 

2- OH 

0 05 

0 6 

1.6-OH 

— 

— 

1, 6-C(CH,), 

1 

0.9 

2, 7-C(CH,), 

— 

— 

1,6-NO, 

0 6 

0 6 

Anthracene 

0 4° 

1 0* 


a ) Surface-type cell was used (sample thickness : 2—10 
V) 

b ) The photocurrent was too small to obtain the n value 
c) The linear relationship between log i- and log / was 
not founc 

d ) Tbe measurement of this value was carried out un- 
der the similar conditions to the cases of phenazines. 

7x i; 

Ih.ib0^*40 p b. 1.6-&* P 4-->7 -1-2 
Si^^L, o t tSIt'ioOX io 

UPrO *ffli 'X*©£ftftg&*Si'<fc e E2i: 

5^-f i pii. ?liKtt‘K£$©*# 

?:=.tfir.LX£(fcLfco :ogl. * + •/ x-© 3- «©#$&! 
tt jt-jt* ©giiJ;?>i;%iibho c 
^3 eiBcXK^ F/U£©KSF 

g 1 IZtfL?z X ML 7 x Xt? v'Ultg^+X- 360 nm tu&n 
gi < (log £=4.0) 5 

fifijcfi L < *©KC£*££:t Cl, 0CH„ NH : 

<0mtZ&&£Wz&5o Kitz*'** WHt. Efeg©fr< 
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Wavelength (nm) 


Fig. 2 Photocurrent and absorption spectra of film of 
1, 6-dimethoxypbenazine 
1 : Photocurrent (1300 V/cm), 2 : Absorption 


Table 5 Absorption maxima of dimcthox> phenazines 
and di-/-buiylpbenazines in acetic acid 


Phenazine 


4 m „ (nm) doge) 



1.6-OCH, 

355*(3 64) 

369 (3 73) 

438 

<3 53) 

2. 7-OCH 3 

348*73 88) 

359 f3 92) 

430 

74 001 

1, 6-C(CH,), 

j 345 (3. 95) 
1 375* (3. 78) 

354*74. 03) 
390* (3. 60) 

361 

(4 19) 

2,7-C(CHj), 

360* (4 10) 

375 (4.20) 




* Shoulder. 
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tZRiz Z 0£ltiZAbhKi'i'>. b^< 

~Z 1, f Qi&'O fi Sv'SSfililiT 93 iU SsO'Tt *3>o 
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?t- a zf>£->iz. Sjft7 - tifyloWX':? F /HiS&g 

©SSlT 4 -j'C'SMfc'f ©:> UiA‘>oT, ft'T-O'lxt'fiie’UTOo 

■o,***#*. 1,6 -hmh*©** 
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^3 tms<ostn^bb^b 2: i>\z. h6--m&# (och 3 * 

*tza C(CH 3 ) 3 S) 

lit A >' /ct O'*. 4gEj>*S»bh.oo 

Tnii, l.e-nap.ffo^&iTiiS^Hf-oyp f vfba'*ffi&£ 
bKx\>z*b-c'&i). 

f^4rL-a>5 rifcmg-fSo ofiT, 1,6--®$#© 5*>T' 

f>. S$gi> NHj i5 i OH 

©117 Cn‘b©il$S£©:'fc3fM-S JI ’ 4 

fill [ 2 : p7iZ5-^(*iTi ! )K%i'<MZ:-tbi>'btik 

6) 1R lAtcjtbi. -NH, 3gc> <. li 3400 cm" 1 

ttig.” 3*©at>aiRA : . -OH g<D«ot-li 3350 cm -1 


3.4 

t >ot'o© (tSi’ = ySi-^jtrh^ y+iT.lf.'. L. 
y A fcHO f<fe^lV4fp = £ 3 ITif.-t 1 6 IT. l,6--Si£'AO 5 
^iTt7'f-3£{t*iot©i jt1’5t£i© 

•IjJlT.’iiSiSoS^^'oCt ■ T c ti^ri bP'iZtp o^Po 

3.5 +t0i’-Oiat<D5S« 

$ x.? S Si T -C- fs'Z r A* X '> Lfcl^i, 7 y F ? * y§p> o 
£iii£t©J£‘3:"C'£-’, Meier Iiii:t5i7 

= 7i?yS:iK&£©SS-*>eElTHSfr < n 

4 fa 5fc 

7 = 7i?y.S©^3f©ii6{fca.*A# : -.iiaft2£©fta , f , fi 
S lzX^>X^bbts:\ '*/.. 3E1S3ltt i 1 iS«H4iS c* §• < 8f5 5 it. 
£ <;c 1.6-{£K$#;il5©,£'3#iT< 

^©RtSi < .T^tV'i5|x.c>n 

o.^-t ■)T-©f|S.il^S©aS- 1 P{iSlT5§S7£< nSalti 

H^7js"Fo 

(1973 10 if. S?6S*jSWaftf:.“»i&»SU 

7) W. G Schneider, T. C. Waddington, J. Chcm. Pnys , 
25, 358(1956). 

8) H. Meier, Z inss. Phot , 53, 1(1958). 


Substituent Effects on the Electrical Conductivities of the Phenazine Derivatives 1 

Akira Sugimoto, Shizuo Furuyama, 

Hiroo Inoue and Eiji Imoto 

Department of Applied Chemistry, College of Engineering, 

University of Osaka Prefecture ; Sakai-shi 591 Japan 



The dark and/or photoconductivities of 16 substituted phenazines having methoxy, hydroxy, 
chloro. nitro. amino or r-butyl group at 1-, 2-, 1,6- or 2, 7-positions of the phenazine ring 
have been investigated by using the surface-type” and/or “sandwich-type” cells. As shown 
in Table 1. the resistivities at 20'C (p 33 ) were higher than 10 14 ohm-cm. The energy gaps {At) 
of the dark conductivities in the range from 2.0 to 2.3 eV were independent of the kinds and 
the positions of the substituents, although the longest wavelength band in the visible absorption 
spectra of the evaporated films changed with them. The photocurrent became larger by 
introducing the substituents at 1,6-positions of the phenazine ring; the photocurrents of the 
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1 , 6 -disubstituted phenazines were 10 — 10 3 times larger than those of the other substituted 
phenazines, as shown in Table 4. When the substituent at 1,6-positions was hydroxy or 
amino group, however, the photocurrents were not detected. The photocurrents of all phlr.a- 
zines decreased in oxygen, although that of anthracene increased. No correlation between the 
photoconductivity and fluorescence was observed. Furthermore, the spectral properties of the 
1 , 6 -disubstituted phenazines were compared with those of the 2 , 7-disubstituted phenazines; 
it was deduced that the Z-butvl groups at 1 , 6 -positions adjacent to the lone-pair electrons of 
the nitrogen atoms of the phenazine ring interfered with the protonation of the lone-pair 
electrons with acetic acid. 


•f Studies on Organic Semiconductors. XIII. 


